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Recently, (anti-)de Sitter gauge theories of gravity have been reconsidered. We generalize this to a
metric-free sl(5, R) gauge framework and apply spontaneous symmetry breaking to the corresponding
topological BF scheme. Effectively, we end-up with Einstein spaces with a tiny cosmological constant
related to the scale of symmetry breaking. An induced ‘background’ metric emerges from a Higgs-like
mechanism. It is indicated how the ﬁniteness of such a deformed topological scheme may convert into
asymptotic safeness after quantization of the spontaneously broken model.
© 2010 Elsevier B.V. Open access under CC BY license.1. Introduction
In general relativity (GR), the metric tensor gμν occupies a dou-
ble rôle: First, it determines distances in spacetime, as the metrical
‘arena’ for all other quantum ﬁelds. Second, it is a ﬁeld in its own
right, and serves as a potential for the Christoffel connection Γ {}αβ
of Riemannian geometry.
Rather early there were attempts to alleviate this dichotomy,
considering the gauge connection as primordial and the metric
as a derived concept as, for instance, by Eddington [7]. Later on,
the metric was tentatively considered as the gravitational analogue
[14] of the Higgs ﬁeld. A more recent proposal is that of ’t Hooft
[55] by constructing an ‘alternative’ metric ds2
∗= oαβDξα ⊗s Dξβ
from a ‘quartet’ ξα of scalar ﬁelds. In the Cartan formalism [4,16],
a related coset ﬁeld naturally arise in the aﬃne gauge theory
[26,32,53] after imposing locally the gauge condition of vanishing
translational connection. According to Trautman [51], such a “gen-
eralized Higgs ﬁeld” “hides” the action of local translations.
Here we depart from a metric-free SL(5, R) topological model
in which only the dimensionality of the gauge group is increased
but not that of four-dimensional (4D) spacetime. Then, an explicit
symmetry breaking mechanism is constructed.
Consequently, our approach generalizes, to some extent, de Sit-
ter gauge models [21,50,54,9,43,22,52] of gravity which, however,
are from the outset metric-contaminated due to Cartan–Killing
metric gˆ AB of orthogonal groups.
The Letter is organized as follows: In the next section, the
metric-free gauge framework of the SL(5, R) group is set up and
then applied to the decomposition of the corresponding Chern–
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by a potential in B is exempliﬁed for the Abelian case in Sec-
tion 3. It is generalized to a metric-free SL(5, R) model of gravity
in Section 4. A symmetry breaking via a potential in Bˆ induces
a non-trivial dynamics which is effectively equivalent to the stan-
dard Einstein equations with cosmological constant. In Section 5
a spontaneously symmetry breaking of the SL(5, R) gauge group
via a Higgs-like mechanism is analyzed from which emerges, at
the same time, the spacetime metric as an induced concept. The
smallness of the symmetry breaking scale is in Section 6 tenta-
tively related to the renormalization ﬂow of the running coupling
constants. An Outlook concludes the Letter.
2. Topological invariants in gravity with induced metric
Group contraction of the meta-linear group SL(5, R) yields the
graded aﬃne group A∗(4, R), with two Abelian subgroups instead
of one. The origin of the two sets of “translations” can be exhib-
ited by rewriting the sl(5, R) algebra generating this group as the
graded algebra a∗(4, R) = R4 ⊕ gl(4, R) ⊕ R∗4. Although this de-
composition seemingly looks like a generalization of the conformal
group, the R4 and R∗4 pieces cannot be identify with translations
and special conformal transformations, respectively.
Let us consider a sl(5, R)-valued i.e. tracefree connection on a
four-dimensional manifold:
Γˆ := ΓA B L↗A B = Γαβ Lαβ + Γ4β L4β + Γα4Lα4, (1)
where A, B, . . . run from 0 to 4. Similarly as for the aﬃne connec-
tion [32,11], the additional connection pieces are related via
Γ4
α = ϑα − Dξα, Γβ4 = θβ − Dξ∗β , (2)
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the spacetime manifold. The physical dimension of  is [length],
later on dynamically related to the cosmological constant (31).
The ‘would-be Goldstone bosons’ (octet of scalars) ξα and ξ∗β are
aﬃne vectors resembling the ‘radius vectors’ of Cartan and are
living on to the coset space SL(5, R)/GL(4, R) ≈ R4 ⊕ R∗4 of the
graded aﬃne group. This construction generalizes the anti-de Sit-
ter gauge model of Stelle and West [50,19], where the coframe
ϑα and the Lorentz connection Γ˚ αβ = −Γ˚ βα can be derived from
the original SO(2,3)-connection via a nonlinear realization1 in-
volving Goldstone type ξ–ﬁelds, there parameterizing the coset
SO(2,3)/SO(1,3).
After imposing the covariant constraint Dξα
∗= 0 and Dξ∗β ∗= 0,
and in view of the dimensionality 1/[length] of the generators Pα
and Pβ∗ of pseudo-translations, the connection decomposes into
Γˆ = Γαβ Lαβ + ϑα Pα + θβ Pβ∗ , (3)
i.e., it becomes a Cartan connection [16,57].
The SL(5, R) curvature takes the form
Rˆ := RA B L↗A B :=
[
dΓA
B − ΓAC ∧ ΓC B
]
L↗A B
=
[
Rα
β − 1
2
θα ∧ ϑβ
]
Lαβ + T β Pβ + Dθα Pα∗ . (4)
The corresponding SL(5, R) Chern–Simons (CS) term reads
Cˆ = −1
2
(
ΓA
B ∧ dΓB A − 2
3
ΓA
B ∧ ΓBC ∧ ΓC A
)
. (5)
Not surprisingly, it contains the CS term
CRR := −1
2
(
Γα
β ∧ Rβα + 1
3
Γα
β ∧ Γβγ ∧ Γγ α
)
= −1
2
(
Γα
β ∧ dΓβα − 2
3
Γα
β ∧ Γβγ ∧ Γγ α
)
, (6)
built from the linear GL(4, R) gauge ﬁelds in 4D. In order to isolate
the remaining terms, we perform an expansion and ﬁnd
Cˆ = CRR − 1
22
[
ϑβ ∧ dθβ + θα ∧ dϑα
− 2
3
(
Γα
β ∧ θβ ∧ ϑα + θα ∧ ϑγ ∧ Γγ α + ϑβ ∧ Γβγ ∧ θγ
)]
= CRR − 1
22
[
ϑβ ∧ dθβ + θα ∧ dϑα + 2θα ∧ Γβα ∧ ϑβ
]
= CRR − 1
22
[
ϑβ ∧ Dθβ + θα ∧ T α
]
. (7)
Since the one–form ϑβ corresponds to the R4 part of the graded
aﬃne algebra, its exterior derivative
T α := Dϑα = dϑα + Γβα ∧ ϑβ (8)
denotes the torsion two-form.
The CS decomposition (7) would acquire the usual form, if we
identify θα , after some symmetry reduction speciﬁed later, with
the soldering coframe ϑβ by means of
θα = gαβϑβ. (9)
The term ϑα ∧ ϑβ ∧ Qαβ , where Qαβ := −Dgαβ is the non-
metricity arising in the course of our construction (7), vanishes
1 Nonlinear realizations [14,6,53,52] correspond, in the de Sitter context [23], to
the covariant version of induced representations.identically. Consequently, the sl(5, R) CS term decomposes [11] ﬁ-
nally into
Cˆ = CRR − 2CTT, (10)
where
CTT := 1
22
gαβϑ
α ∧ T β = − (−1)
sig
22
∗A (11)
denotes the translational CS term of Nieh and Yan (NY) [39,38] and
A := ∗(ϑα ∧ T α) =Ai dxi the axial torsion one-form.
Accordingly, the (anholonomic) spacetime metric gαβ is induced
by the reduction (10) of the SL(5, R) Chern–Simons term, indicat-
ing a possible topological origin.
3. Modiﬁed BF scheme
The BF formalism for topological ﬁeld theory is a rather new
development, although Plebanski [45] anticipated a related con-
straint formalism for gravity. In the Abelian case, the connection
one-form A = Ai dxi and an auxiliary2 two-form B = 12 Bij dxi ∧ dx j
are varied independently. In its primordial form it starts from the
metric-independent Lagrangian four-form
LBF = −B ∧ F = −B ∧ dA. (12)
Independent variations with respect to A and B lead to dB = 0
and the constraint of vanishing ﬁeld strength F := dA = 0, implying
that such a topological model has no local degrees of freedom.
This pure BF system can be modiﬁed [13,3] via a term quadratic
in B:
L˜BF := −B ∧ dA + 1
2
B ∧ B
∼= −B ∧ dA + dC . (13)
Now, independent variations provide the deﬁnition of the ﬁeld
strength F together with the corresponding Bianchi identity
B ∼= dA := F , dB ∼= dF ≡ 0, (14)
respectively, in compliancy with the Poincaré lemma dd ≡ 0. It still
deﬁnes a topological theory since, ‘on shell’, Eq. (13) differs from
(12) only by a boundary term dC derived from a CS three-form C .
For an Abelian connection A, the CS term and the Pontrjagin in-
variant are simply given by
C = 1
2
A ∧ F , dC = 1
2
F ∧ F (15)
such that we end up, ‘on shell’, in (13) with −dC . In general, it
is well known [10] that Bianchi type identities can be recovered
via the variation of the associate Pontrjagin term, e.g. δ dC/δA =
dF ≡ 0 in the Abelian case.
Since Bianchi identities do not allow for non-trivial couplings,
in an “embedding” into realistic physical models such as Maxwell’s
theory or QCD, the corresponding BF Lagrangian
LMax = −B ∧ dA + 1
2
B ∧ ∗B + Lmatter (16)
necessarily involves the Hodge dual ∗ depending on the metric,
though. Then, independent variations of (16) provide again the def-
inition of the ﬁeld strength (14) but, as a bonus, from the relation
F = ∗B arises the non-trivial physical ﬁeld equation
−dB = d∗F ∼= j. (17)
2 In four dimensions, B resembles the two-form potential for the gauge-invariant
ﬁeld strength or excitation H = dB , the Kalb–Ramond axion three-form [15].
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form potential V (B). Then the ﬁeld equation dB + j ∼= 0 together
with the relation F ∼= ∂V /∂B for the Faraday ﬁeld strength emerge.
In order to invert the latter with respect to B , a non-degenerate
Hessian is mandatory.
Moreover, by replacing the Hodge by the Lie dual, such a “semi-
topological” [5] or deformed BF scheme (16) can induce a ‘break-
ing’ [35] of the de Sitter gauge symmetry down to Einstein’s GR
with cosmological constant. This will be analyzed here in a more
general and primordial metric-independent setting:
4. Gravity from spontaneous symmetry breaking
In a gravitational BF scheme, let us introduce the Lie algebra-
valued two-form
Bˆ := BA B L↗A B = bα Pˆα∗ + bˆα Pα + Bαβ Lαβ (18)
and consider the SL(5, R)-invariant BF Lagrangian
L˜SL(5,R) = −Tr{Bˆ ∧ Rˆ} − dCˆ . (19)
The inclusion of the topological Pontrjagin3 four-form dCˆ provides
us, after variation with respect to ΓA B , with the Bianchi identity
Dˆ B A
B ∼= Dˆ Rˆ A B ≡ 0. (20)
The variation with respect to Bˆ would lead to Rˆ = 0. In order to
liberate us from this physically too strong constraint, we will con-
sider a Lagrangian amended by a term quadratic in Bˆ , i.e.:
L˜SSB = L˜SL(5,R) + 12ηABCDE B
AB ∧ BCDΦ E . (21)
Here, the antisymmetric unit tensor ηABCDE :=
√
gˆABCDE is con-
structed from the metric-free Levi-Civita symbol ABCDE being in-
variant under the ﬁve-dimensional structure group SL(5, R) to-
gether with the determinant gˆ of the Cartan–Killing metric gˆ AB
needed to rise and lower the Lie algebra indices of B A B . Thus the
additional quadratic term in our BF scheme induces a symmetry
breaking (SB) of the SL(5, R) to the special orthogonal group SO(5)
or, depending on the signature, to the de Sitter or anti-de Sitter
groups SO(1,4) or SO(2,3), respectively.
Moreover, the ﬁve-index structure of ηABCDE has forced us4 to
complement our invariant construction by a vector-valued scalar
ﬁeld Φ A = {φα,φ4}.
Following Pagels [43], we assume that it satisﬁes the SO(5)
gauge-invariant constraints
gˆ ABΦ
AΦB = μ2, ΦB DˆΦB = 0, (22)
where μ will turn out to be a small parameter.
After a Spontaneous Symmetry Breaking (SSB), its vacuum expec-
tation value 〈Φ E 〉 is assumed to take the value Φ E0 = (0,0,0,0,μ)t
for its ground state.
3 Multiplying the Pontrjagin term by a constant θ would not change the topo-
logical framework, since it could be absorbed in redeﬁnition of Bˆ . Moreover, our
SL(5, R) decent (10) of the 4D topological invariants requires a ﬁxed value for the
ratio of the individual θL and θT-angles which leaves no room for the so-called
Barbero–Immirizi parameter of Ref. [1] other than the singular case γ = 1. Some of
those proposals fall short in not considering the effect of the chiral anomaly [18,29,
34] with torsion.
4 This necessity likewise arises if B()ABE := ηABCDE BCD/2 is regarded as the Lie
dual of B A B . More general four-form potentials V (B) in the sense of Ref. [17] in-
clude, as a concrete example, the quartic invariant WE ∧∗ W E constructed from
the generalization WE := ηABCDE B AB ∧ BCD/2 of the Pauli–Lubanski vector. An in-
duced cosmological term, proportional to the volume four-form η, would arise from
the SSB of the Nambu–Goto type term ηABCDE DΦ A ∧ · · · ∧ DΦDΦ E = 24μη, cf.
Refs. [43,41].Then, as a consequence of both steps, the quadratic term in B
of
L˜SSB = − Tr{Bˆ ∧ Rˆ} + μ
2
ηαβγ δB
αβ ∧ Bγ δ
− dCRR + 2dCTT (23)
is invariant only under the Lorentz subgroup SO(1,3) (or SO(4) for
Euclidean signature). Expanding the trace,5 the Lagrangian (23) is
equivalent to
L˜SSB = − bα ∧ T α − bˆα ∧ Dθα − Bβα ∧
[
Rα
β − 1
2
θα ∧ ϑβ
]
+ μ
2
ηαβγ δB
αβ ∧ Bγ δ − dCRR + 2dCTT. (24)
Variation with respect to the translational two forms bα and bˆα
lead to vanishing torsion
T α = 0 (25)
and to
Dθα = D
(
gαβϑ
β
)= Dgαβ ∧ ϑβ + gαβ T β = 0, (26)
provided (9) holds.
For a non-degenerate coframe ϑβ and vanishing torsion,6 this
is equivalent to
Dgαβ = 0, (27)
i.e. to the covariant constancy of the induced spacetime metric.
The remaining Pontrjagin term merely serves to reproduce the
Bianchi identity (20), now in terms of the Lorentz connection
Γ˚ αβ = −Γ˚ βα .
Since the variation with respect to the linear two form Bαβ
leads to
Bαβ ∼= 1
μ
ηαβγ δ
[
Rγ δ − 1
2
θγ ∧ ϑδ
]
= 2
μ2
[
2R()αβ − ηαβ
]
(28)
as an equation7 of motion, our Lagrangian is “on shell” equivalent
to a deformed [25,40] Euler four-form8
L˜SSB ∼= 1
2μ
ηαβγ δ
[
Rαβ − 1
2
ϑα ∧ ϑβ
]
∧
[
Rγ δ − 1
2
ϑγ ∧ ϑδ
]
− dCRR (29)
which is at most quadratic in the Riemannian curvature Rαβ =
R{}αβ .
After expansion, the Hilbert–Einstein Lagrangian and an in-
duced cosmological term remain, supplemented by the topological
Euler and Pontrjagin four-forms, i.e.,
5 In even dimensions like 4D, the second term of Eq. (23) corresponds to the
supertrace [9] of a graded Clifford algebra.
6 A generalization to non-vanishing torsion would present subtle limitations [31]
on a BF scheme with matter couplings.
7 Originally, our symmetry-breaking departs from the Lie dual () occurring, e.g.,
in the Lie dual R()αβ := 12ηαβγ δ Rγ δ of the curvature featuring in the (deformed)
Euler invariant. However, applied to the ‘unit’ two-form ϑα ∧ ϑβ , the Lie dual
ηαβ := 12ηαβγ δϑγ ∧ ϑδ = ∗(ϑα ∧ ϑβ) is equivalent to its Hodge dual ∗ as a con-
sequence of the soldering of the coframe ϑα , cf. Eq. (3.7.8) of Ref. [11]. This enables
us to rewrite the Einstein–Cartan four-form R()αβ ∧ ϑα ∧ ϑβ ≡ Rαβ ∧ ηαβ in two
equivalent forms.
8 In QFT, it can be regarded as a ﬁeld redeﬁnition (FR) of the linear connection
Γα
β such that GR remains as a “ﬁxed” point, cf. Ref. [28] for details.
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2κ
Rαβ ∧ ηαβ + Λ
κ
η
+ 1
μ
Rαβ ∧ R()αβ −
1
2
Rαβ ∧ Rαβ. (30)
Here κ = 8πGN denotes Einstein’s gravitational constant in natural
units (h¯ = c = 1) and ρΛ = Λ/κ = ΩΛρcrit < ρcrit is the density
related to the cosmological constant Λ or constant dark energy
(DE) [2,47]. They are related via
κ = μ2/4, Λ = 12κ/μ4 = 3/2 (31)
to the symmetry-breaking scale μ. Since
μ = 4
3
κΛ = 1
3
(2κ)2ρΛ (32)
is observationally an extremely small number,9 it supports the
view that GR with a small cosmological constant Λ is a tiny defor-
mation of a topological BF theory via a symmetry breaking B ∧ B
term, cf. Smolin [49] and Mikovic [35].
In concordance with the ‘on shell’ Lagrangian (30), the variation
of the spontaneously broken one (24) with respect to ϑβ leads
directly to Einstein’s vacuum equations
−Bβα ∧ θα = 2
μ
[
R()αβ ∧ ϑα − Ληβ
]∼= 0 (33)
with the cosmological constant Λ given by (31).
5. Higgs-like mechanism for gravity
Sofar, these symmetry reductions have been done by hand.
Equivalently, we may implement the constraint (22) via the La-
grangian
Lλ˜ := λ˜
(
Φ AΦA −μ2
)
, (34)
where λ˜ is a Lagrange multiplier four-form. Its variation δλ˜ with
respect to the multiplier returns the constraint (22) which can be
satisﬁed by
Φ E0 = (0,0,0,0,μ)t (35)
as its ground state. Since, after a gauge rotation, it is pointing in
5-direction, the SO(5) symmetry gets broken down to SO(4) or to
the Lorentz group SO(1,3). The variation of the Lagrangian (20)
constrained by (34) with respect to the scalar ﬁelds Φ E provides
the condition
2λ˜ΦE + 1
2
ηABCDE B
AB ∧ BCD = 0 (36)
which, in the ground state, can be consistently satisﬁed by the La-
grange multiplier
λ˜ = − 1
4μ
ηαβγ δB
αβ ∧ Bγ δ. (37)
This procedure, however, is lacking the motivation from the
Higgs mechanism [12], where the Langragian
LHiggs = 12 DˆΦ
A ∧ ∗ˆ DˆΦA + U
(
ΦBΦB
)
(38)
involves, besides a kinetic term for the quintet Φ A of scalar
ﬁelds, an invariant “Mexican hat” type quartic potential in ΦB , cf.
9 Already Eddington [7] argued that in a “natural gauge of the world” the metric
tensor is via λgμν = Ricμν related to the symmetric Ricci tensor, where λ “must be
an extremely small constant”.Ref. [52]. Let the ground state (35) be a minimum10 of the self-
interaction U (ΦBΦB) such that δU/δΦ E0 = 0.
Then the remaining kinetic term
DˆΦ A0 ∧ ∗ˆ DˆΦA0 = μ2Γ4α ∧ ∗ˆΓα4
= μ
2
2
(
ϑα − Dξα)∧ ∗(θα − Dξ∗α) (39)
would have provided a mass term to the pseudo-translational con-
nections, leaving the linear GL(4, R) connection Γαβ massless and
thus possible gravitons. In the gauge ξα
∗= 0 and ξ∗β ∗= 0 of zero
aﬃne section, an additional induced cosmological term (ΛH/κ)η
would arise, although ΛH = μ3 is diminutive.
For real ground state of the vacuum expectation value 〈Φ E 〉, we
would require that it completely annihilates the Lagrangian (38).
This can be achieve for the gauge of vanishing translation connec-
tions (2), i.e. provided that
ϑα
∗= Dξα, θβ ∗= Dξ∗β , (40)
holds locally, where ξα and ξ∗β are Goldstone type ﬁelds param-
eterizing the coset space [51,6]. Then, our broken SO(5) gauge
theory is inducing11 a local holonomic spacetime metric gij via
the chain of equations
ds2 := ϑα ⊗s θα =
(
Γ4
α + Dξα)⊗s (Γα4 + Dξ∗α)
∗= Dξβ ⊗s Dξ∗β = gij dxi ⊗s dx j. (41)
This complies with our expectations (9) from the decomposition of
the topological SL(5, R) CS term.
In the limit  → Planck of a very small length scale, we obtain
(40), thereby recovering the interpretation of the generalized aﬃne
vector ﬁelds ξ as coordinates. Then, the locally valid representation
(41) proposed by ’t Hooft [55] and anticipated already 1984 by
Pagels [43] in a broken O (5) gauge theory would arise. In a ﬁeld
theoretical language, the metrical distance ds itself surfaces as a
composite Higgs ﬁeld built from the ‘would-be Goldstone bosons’ ξ ,
i.e. Cartan’s generalized aﬃne radius vectors.
Eventually, our choice (21) of the term quadratic in Bˆ , provides
a SSB directly down to the Lorentz group SO(1,3) ∈ O (5), where
the constraint (27) of vanishing non-metricity Qαβ := −Dgαβ sur-
faces automatically. In contradistinction to a Higgs type breaking
[44] of a GL(4, R) gauge theory of gravity, here this constraint
needs not to be postulated separately.
On the other hand, upon symmetry breaking, the ground state
of the modiﬁed BF Lagrangian (19) for gravity requires Einstein
spaces (33) for its metrical ‘background’, as we have already
shown. Thus, classically a consistent and physically viable scheme
emerges.
6. Running coupling constants and asymptotic safeness
As a result of our semi-topological BF scheme, the deformed
Euler term (29) is emerging as an effective quadratic curvature La-
grangian, inheriting a dimensionless coupling constant μ. Since we
expect that it is not only tiny but would have μ∗ = 0 as its ﬁxed
point after quantization, our Lagrangian (21) is asymptotic free [8]
before symmetry breaking.
10 The variation δΦ E of the full Lagrangian yields BAB ∧ BABE + Dˆ ∗ˆ DˆΦE +
δU/δΦ E = 0. The second order variation governs the stability at a local minimum
with δ2U/δ2Φ E > 0.
11 Another option is to deﬁne a ‘premetric’ via ds2pre := 2Γ4α ⊗s Γα4, which how-
ever, is degenerate [32] or could even be zero.
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trjagin terms and deﬁne for the resulting Hilbert–Einstein trun-
cation with cosmological term the dimensionless running coupling
constants
gN := κk2, λ := Λ/k2, (42)
where k is the renormalization scale in momentum space. Asymp-
totic safeness amounts to the requirement that dimensionless cou-
pling constants remain bounded in the ultraviolet limit k → ∞. In
our 4D case, this is controlled by the renormalization group equa-
tions
k
∂
∂k
gN = β1(gN, λ) = (2+ dN)gN, k ∂
∂k
λ = β2(gN, λ), (43)
where dN is the anomalous dimension of gN.
According to the asymptotic safety scenario [46,37], they run into
some non-trivial ﬁxed points gN∗ and λ∗ , depending on the trun-
cation of the effective Lagrangian (30). Quite generally, the product
with the universal bound
μ∗ 
4
3
gN∗λ∗  0.2 (44)
appears to be rather robust. In our case, it would arise from the
SSB of a topological BF theory.
7. Outlook
After exhibiting the group-theoretical decent of the two parity-
violating topological terms of Pontrjagin and NY, consequences of
the SSB of a SL(5, R) invariant BF theory of gravity are analyzed. Up
to boundary terms, it leads to the Hilbert–Einstein Lagrangian with
cosmological constant, where the spacetime metric surfaces as an
induced concept. Another bonus of de Sitter type gauge theories
is that, on the classical level, the factor-two problem in GR can be
avoided [27], when attempting to derive both, energy–momentum
and angular momentum, from one Komar type complex.
Topological BF theories are known to be ﬁnite [20] and
anomaly-free in 4D, as a consequence of the vector supersymmetry
inherent in its BRST quantization. Typically, the chiral anomaly is
proportional to the Pontrjagin term of the corresponding gauge
group. In our modiﬁed BF scheme, such an invariant “counter-
term” is already incorporated into the action (19) via dCˆ . It needs
to be seen if this prospective situation survives in a spontaneously
broken BF theory or even in the BRST quantization [42,30] of grav-
ity arising from a Higgs type SSB of the ‘Yang–Mielke’ theory [24,
56,33,48]. Also its embedding into the superconnection formalism
of Ne’eman [36] is worth pursuing.
Acknowledgements
I would like to thank Friedrich W. Hehl for valuable suggestions
and Noelia, Miryam Sophie Naomi, and Markus Gérard Erik for en-
couragement.
References
[1] S. Alexander, Phys. Lett. B 629 (2005) 53.
12 Only for manifolds with non-zero Betti numbers we would expect a (large) con-
tribution to the action.[2] P. Astier, et al., SNLS Collaboration, Astron. Astrophys. 447 (2006) 31.
[3] J.C. Baez, Lett. Math. Phys. 38 (1996) 129.
[4] Élie Cartan, On Manifolds with an Aﬃne Connection and the Theory of General
Relativity, 1924, English translation of the French original, Bibliopolis, Napoli,
1986;
For a book review, see F.W. Hehl, Gen. Relativ. Gravit. 21 (1989) 315.
[5] A.S. Cattaneo, P. Cotta-Ramusino, F. Fucito, M. Martellini, M. Rinaldi, A. Tanzini,
M. Zeni, Commun. Math. Phys. 197 (1998) 571.
[6] W. Drechsler, J. Math. Phys. 26 (1985) 41.
[7] A.S. Eddington, The Mathematical Theory of Relativity, 2nd ed., Cambridge Uni-
versity Press, 1924, p. 219 and p. 82.
[8] E.S. Fradkin, A.A. Tseytlin, Nucl. Phys. B 201 (1982) 469.
[9] S. Gotzes, A.C. Hirshfeld, Ann. Phys. (N.Y.) 203 (1990) 410.
[10] F.W. Hehl, W. Kopczyn´ski, J.D. McCrea, E.W. Mielke, J. Math. Phys. 32 (1991)
2169.
[11] F.W. Hehl, J.D. McCrea, E.W. Mielke, Y. Ne’eman, Phys. Rep. 258 (1995) 1.
[12] P. Higgs, Comptes Rendus Physique 8 (2007) 970.
[13] G.T. Horowitz, Commun. Math. Phys. 125 (1989) 417.
[14] C.J. Isham, Salam Abdus, J. Strathdee, Ann. Phys. (N.Y.) 62 (1971) 98.
[15] M. Kalb, P. Ramond, Phys. Rev. D 9 (1974) 2273.
[16] S. Kobayashi, Can. J. Math. 8 (1956) 145.
[17] K. Krasnov, Int. J. Mod. Phys. A 24 (2009) 2776.
[18] D. Kreimer, E.W. Mielke, Phys. Rev. D 63 (2001) 048501.
[19] M. Leclerc, Ann. Phys. (N.Y.) 321 (2006) 708.
[20] C. Lucchesi, O. Piguet, S.P. Sorella, Nucl. Phys. B 395 (1993) 325.
[21] S.W. MacDowell, F. Mansouri, Phys. Rev. Lett. 38 (1977) 739;
S.W. MacDowell, F. Mansouri, Phys. Rev. Lett. 38 (1977) 1376 (Erratum).
[22] P. Mahato, Phys. Rev. D 70 (2004) 124024.
[23] E.W. Mielke, Fortschr. Phys. 25 (1977) 401.
[24] E.W. Mielke, Gen. Relativ. Gravit. 13 (1981) 175.
[25] E.W. Mielke, Fortschr. Phys. 32 (1984) 639.
[26] E.W. Mielke, Geometrodynamics of Gauge Fields — On the Geometry of Yang–
Mills and Gravitational Gauge Theories, Akademie-Verlag, Berlin, 1987.
[27] E.W. Mielke, Phys. Rev. D 63 (2001) 044018.
[28] E.W. Mielke, Electronic Journal of Theoretical Physics (EJTP) 3 (12) (2006) 1.
[29] E.W. Mielke, Anomalies and gravity, in: M.A. Pérez, L.F. Urrutia, L. Villaseñor
(Eds.), Particles and Fields, Commemorative Volume of the Division of Particles
and Fields of the Mexican Phys. Soc., Part B, Morelia Michoacán, 6–12 Novem-
ber 2005, AIP Conf. Proc. B 857 (2006) 246.
[30] E.W. Mielke, Phys. Rev. D 77 (2008) 084020.
[31] E.W. Mielke, Phys. Rev. D 80 (2009) 047504.
[32] E.W. Mielke, J.D. McCrea, Y. Ne’eman, F.W. Hehl, Phys. Rev. D 48 (1993) 673.
[33] E.W. Mielke, A.A. Rincón Maggiolo, Gen. Relativ. Gravit. 37 (2005) 997.
[34] E.W. Mielke, E.S. Romero, Phys. Rev. D 73 (2006) 043521.
[35] A.R. Mikovic, SIGMA 2 (2006) 086;
A.R. Mikovic, J. Phys. Conf. Ser. 33 (2006) 266.
[36] Y. Ne’eman, Phys. Lett. B 427 (1998) 19.
[37] M.R. Niedermaier, Phys. Rev. Lett. 103 (2009) 101303.
[38] H.T. Nieh, Int. J. Mod. Phys. A 22 (2007) 5237.
[39] H.T. Nieh, M.L. Yan, J. Math. Phys. 23 (1982) 373.
[40] Y.N. Obukhov, F.W. Hehl, Acta Phys. Pol. B 27 (1996) 2685.
[41] I. Oda, Advanced Studies in Theoretical Physics 2 (2008) 261.
[42] I. Oda, M. Tonin, Phys. Lett. B 623 (2005) 155.
[43] H.R. Pagels, Phys. Rev. D 29 (1984) 1690.
[44] R. Percacci, Nucl. Phys. B 353 (1991) 271.
[45] J. Plebanski, J. Math. Phys. 18 (1977) 2511.
[46] M. Reuter, F. Saueressig, Fortschr. Phys. 52 (2004) 650.
[47] A.G. Riess, AIP Conf. Proc. 1166 (2009) 73.
[48] N. Sieroka, British J. Philos. Sci. (2009), in press.
[49] L. Smolin, Phys. Rev. D 61 (2000) 084007.
[50] K.S. Stelle, P.C. West, Phys. Rev. D 21 (1980) 1466.
[51] A. Trautman, Czech. J. Phys. B 29 (1979) 107.
[52] R. Tresguerres, Int. J. Geom. Meth. Mod. Phys. 5 (2008) 171.
[53] R. Tresguerres, E.W. Mielke, Phys. Rev. D 62 (2000) 44004.
[54] A.A. Tseytlin, Phys. Rev. D 26 (1982) 3327.
[55] G. ’t Hooft, Unitarity in the Brout–Englert–Higgs mechanism for gravity, arXiv:
0708.3184 [hep-th].
[56] D. Vassiliev, Gen. Relativ. Gravit. 34 (2002) 1239.
[57] D.K. Wise, SIGMA 5 (2009) 080.
